CATERPILLAR

MAINTENANCE SERVICES

Understanding S-O*Services Tests

You'll get greater benefits from your S-0-S Services
program when you understand the tests chosen by
Caterpillar® engineers to monitor oil condition and
contaminants.

Know what the numbers mean and
maximize your investment

S-0-S Services are valuable management tools that can
maximize equipment life and productivity, and minimize
operating costs and downtime. Four types of analysis are
performed on engine, hydraulics and drivetrain oil.

» Wear Rate monitors and tracks metal wear particles,
contaminants and oil additive package elements

+ Oil Condition compares used oil to new oil to see if
it is providing adequate lubrication and protection

* Oil Cleanlinessdetermines if abrasive contaminants
are causing accelerated wear

+ Additional Tests detect water, glycol or fuel in olil

Take oil samples at consistent intervals to detect potential
problems early, reduce repair costs and lessen the impact
of downtime.
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S-O-SMNear R&e Analysis

Prevent problems and reduce
costs by knowing wear rates

Wear Rée Analysis is an intgral pat

of our S-O-S Seices pogram tha helps
you maintain equipment p@rmance and
maximize availability. Through egulaty
scheduled testing of oil sampleom
your engne, hydraulics and paertrain
systems\Wear Rée Analysis detects tin
metal paticles causedycomponent
wear By monitoing trends in the type
and quantity of pdicles,you can gt
ealy waming of poblems bebre major
damaye occus.

Understanding wear metals
Every oil-washed system— engines,
hydraulics, transmissions, and final drives—
produces wear metals in everyday operation.
If wear accelerates, the concentration of
wear metal particles increases, signding a
problem. Wear Rae Analysis allows you to
find problems before they result in mgjor
repairs or machine failure.

Wear Rate Analysis can detect partides that
range up to éout 10 micronsin sze. Wear
metal concentrations are expressed in parts-
per-million (or ppm). The SO-S Sevices
program tests for at least nine different
substances. copper, iron, chromium, lead,
tin, aluminum, molybdenum, silicon and
sodium. All are wear metals found in
Caterpillar machines and engines except
silicon (which generdly indicates dirt) and
sodium (which indicates water or coolant).
Certain dements in asample may be from
the oil additive package rather than from
wear within the system. Skilled dealer
interpreters cantell the difference between
normal elements and thosethat indicate
abnormal wear.

Trending wear metals

in your equipment

Two identical machines under identical
conditions may generate wear paticles

at different rates. Our SO-S interpreters
have access to alarge database of samples
for comparison with samples from your
equipment. However, your own machines
provide the best guidelines for appropriate

levels of wear metals in each compartment.

That's why trending is an essential part

of Wear Rae Analysis. After three samples
have been taken from aparticular compart-
ment, a trend for each wear metd is
established. Our interpreters then compare
subsequent samples to this trend line

to quidkly spot devitions as vell as
monitor gradual changes in concentration
levels. This attention to trends dso assists
with life cycle analysis, helping you
optimize productivity.

The technology behind

Wear Rate Analysis

We use an emission spectrometer

to perform Wear Rate Analysis.

The spectrometer determines wear
elements and silicon in a sample

by subjecting the oil to very high
temperatures. At these temperatures,
the elements in the sample are
“atomized,” with each emitting a
different wavelength of light energy.
An optical system measures and
records the light energy and calculates
the results in parts-per-million for
each element.
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Engines—Top End

Engines—Bottom End

Hydraulics

Transmissions

Final Drives

Combinations of Classic Wear Elements

Primary Element Secondary Element Potential Wear Probable Problem Area/Causes
Silicon (dirt) Iron, Chrome, Aluminum Liners, Rings, Pistons Air Induction System/Filter Dirt Contamination
. . . . Abnormal Operating Temps., Qil Degradation,
Iron Chrome, Aluminum Liners, Rings, Pistons Fuel and/or Coolant Contamination, Stuck/Broken Rings
Chrome Molybdenum, Aluminum Rings, Pistons Blowby, Oil Consumption, Oil Degradation
Iron Liners, Gears, Abnormal Operating Temps., Lack of Lubrication,
Valve Train, Crankshaft Contamination, Storage (Rust)
Silicon (Dirt) Lead, Aluminum Bearings Dirt Contamination
Lead Aluminum Bearinas Lack of Lubrication, Coolant Contamination,
g Fuel Contamination
Silicon (Dirt) Molybdenum, Aluminum Cylinders, Rods Dirt Contamination
Copper Iron Hydraulic Pumps 0il Degradation, Contamination
Iron Aluminum, Chrome Rollg;g;gggdle Bearing fatigue/failure
Aluminum Iron, Copper Torque Converter Beaﬁ{gwi%egégglcl:re
Silicon (Dirt) Iron, Aluminum Gears Dirt Contamination, Clay Soils Contamination
Iron Sodium, Chrome Gears, Bearings \Water Entry, Preload Loss

Pinpointing the causes and
effects of component wear

By compaing infrared (Oil Condition) testesults with vear metal
buildup, we can pinpoint @bable causes of eleted wear metals.
The datt above illustrates some of the most commoleav metals,
their souce(s),and the potential pblems thg indicae in oil-
lubricated systems.

Spectomety detects dircontamingion, as vell as wear metals.
Silicon is the most common element indiog dirt entry, although
some tay soils also ppduce inceased alumiim readings.

Monitoring your components

WhenSO-S oil analysis identifies an increase in the concentration of
one or moe metals, it can point to the wearing component most likely
causing the increase and often,the pobable causeFor example, a
sudden increase in copper and iron in ahydraulic oil sample would
probably indicate aproblem with the hydraulic pump caused Y either
oil degraddion or contamingon (see chart, above).

Silicon/aluminum ratio in

dirt varies by location

The primary constituents of dirt are
minerals containing silicon and aluminum.
The ratio of these two elements varies
widely from place to place. Clay soils
contain nearly as much aluminum as
silicon. This is one reason why local
interpretation of your sample results is
important. We are familiar with the soils
in your area, giving us the best under-
standing of the combinations of
elements in your samples.
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S:0-S QOll Conditionalysis

Maximize performance by
knowing your oil condition

Oxygen &posue, hea and contaminants
cause all oils to dgade Engne oil is
patticulary suscetible to dgradaion by
sulfur, nitration, by-products of combstion,
high tempeatures,and vater from the
comhustion pocess or condensan. Oil
ConditionAnalysis, patt of the compehen-
sive S-O-S Seices pogram, helps pevent
component dangg by monitoing your oil
and leeping tradk of its deggraddion. Oll
ConditionAnalysis also allas

you to corect poblems tha affect oil
performance The bottom-line benéf
maximum oil perbrmance optimum oil
chang intewvals and educed epair costs.

Understanding 0il
Condition Analysis

Oil Condition Analysisis similarto Wear
Rate Analysis with one important exception:
It evaluates chemical compounds in the ail
rather than wear element particles.

Oil ConditionAnalysis is impotant for
oil from all systemstransmissions and
hydraulics,as well as enfes.

It works like this:

1 You submit a sample of weoil, called
“reference oil; when you enoll in the
S-0-S Seiices pogramand whenyou
get nav shipments of blk oil. Reference
oil samples & piocessedtano cost to
you. If you ae using Choil, new oil
samples manot be necessarAdvise
your S-O-S angst of the viscosity of the
Ca oil you use in edtsystem; it has its
own C4 oil reference samples.

2 The new oil is scanned by a special
instrument using infrared light. Information
is storedin the instument’s memory.

3 At eath stheduled interal, you submit
a sample of used oil.

4 The Oil ConditionAnalysis instument
focuses a beam of light tugh a fim
of used oil andecods the dea.

5 The instument uses a rtteemdical
formula to compag the used and ne
oils and quantify andifferences.

Fourier Transform
Infrared Analysis

S:0-S Qil Condition Analysis includes

an infrared instrument that uses a
mathematical method to convert raw
instrument data into meaningful terms.
This test, often called FT-IR (Fourier
Transform Infrared Analysis), identifies
and quantifies organic compound groups
by measuring their infrared absorption
at the specific wavelength of each group.
Besides identifying oxidation, soot, sulfur
products and nitration, the test is also
used to scan for oil contamination by
fuel, water or glycol (engine coolant).
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Identifying contaminants
before they cause problems

Oil ConditionAnalysis detects soatxidation,
nitration products and sulfur pducts/acids.
This test can also detect contantioa

by water, fuel and gycol from coolant!f
detectedspecifc contaminant tests aused
to confrm findings. Oil ConditiorAnalysis
focuses on:

Soot

Sootis found only in engine ail. It is te
insoluble residue of partialy burned fuel.
It is held in suspension by the oil additive
package and causes erige oil to tun black.
When soot drops out of suspension in the
ail, it contributes to additive depletion and
eventually increases oil viscosityHeary
concentations of soot can cause by
damaye by staving contact sugces

of lubrication.

Oxidation

Oxiddion occus in tansmissionhydraulic
and engne oils when &xygen molecules
chemicall join with oil molecules.

This chemical eaction is accelated by
high oil tempeatures,glycol contaminéion
from engne coolantthe pesence of copper
and fom extended oil bang intewals.
Oxidation causes the oil to thien,form
acids,and lose lukication qualitieswhich
threaens the lié of your components.
Oxidized oil will cause dgosits on enige
pistons and alves,stud rings,and boe
polishing In hydraulic systems and
transmissionsf can causealve scufing
and sti&ing.

Nitration Products

Nitration occus in all engne oils,but is
geneally only a poblem in ndural gas
engnes. Nitogen compounds ém the
comhustion pocess thiken the oil and
reduce its lulicating ability. If nitration
contirues unbeded it can esult in fiter
plugging, heary piston deosits,lacquemg
of valves and pistongnd &entual filure.
Sulfur Products/Acids

Sulfur is pesent in all fuels and fafcts
all engnes. Duing comlustion,fuel sulfur

oxidizes,then combines with ger to
form acid Acid corrodes all enge pats,
but is most dangrous to \alves and slve
guides,piston ings and lines.

Optimizing your equipment

with the S-0-S Services program

0il degradation may be the result of a
number of factors and conditions, including
extended oil change intervals, abnormal
temperatures, or contamination by fuel,
water or coolant. Lower quality oils will
degrade more rapidly than a premium
quality lubricant.

With Oil Condition Analysis, you can
determine the extent to which oil has
deteriorated during use and verify whether

it is performing up to specification during

the entire oil change period. Oil Condition
Analysis is just one part of the S:0-S Services
program that provides information to

reduce downtime and save you money

by preventing major equipment problems.

Glycol, Water and Fuel Detection

Fluid Contaminants

When pesent in pur engne oil or fuid
power systemwater, glycol (coolant) or
fuel can indicée a umber of poblems,
from incorect engne timing (fuel) to
cooling system leaks. By detecting these
problems bebre thg/ cause component
failure, we can verk with you to stedule
downtime and maximie pioductiity.

Glycol (Coolant)

Glycol causesapid axidation of the oil
and usuajl indicaes a cooling system
leak. Seerely oxidized oil becomes sty
and brms sludg thd plugs theifter. Any
amount of gycol contamingon in the oil

is unaccptable. Engnes,hydraulics or
transmissions usingater-to-oil cooles
may become contamited with coolant

if a leak deelops in a cooler tube or seal.

Water

If infrared ana}sis indicdes the pesence of
water, the @proximate amount is deterined
by placing a dop of oil on a plte heted to
between 230° and 250°. F water is pesent
the oil will bubble and sputteBy compar
ing the amount of ddbling to laboratory
contiol samplesexpeiienced l@oratory
technicians can detarine the quantity of
water in the samplédny amount ger 0.5
percent is consided excessie.

Water can contamirta a systemleaking
in from the outside or condensing in the
engne’s crankcase or comp@nent.When
water combines with oilit reduces the o#
ability to lubricate and 6rms a sludg tha
plugs flters. Water passing betaen \ery
close components canezte “hot spots.

If the water gets hot enought causes tip
steam gplosions thaican factue metal.

Fuel

Fuel contaminton is conirmed using a
flash test in mich the used oil is héed to
a pescibed tempeature in a ¢osed cup,
then subjected to daime Fuel \apors
driven of by the heawill flash if the
dilution exceeds éur pecent.

Fuel in the enige oil reduces its lulicating
propeties. Small amounts of fuel@rcom-
mon as aesult of the comiistion pocess.
But if fuel levels exceed ecommended
levels,we will suggest a bed for dekctive
fuel injection nozzles and other soes

of leakaye. Fuel dilution is gneally the
result of etended idlingincomrect timing
or a poblem with the fuel injecta,
pumps or lines.
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S-0:S Oll Cleanlinegsnalysis

Clean oil keeps equipment
running right

Counting the tig paticles in an oil sample
identifies hamful contaminants ttisshoten
component lig. It can also pinpoint lger
paticles tha signal imminent equipment
failure. Our S-O-Sewices pogram

finds these péicles though a combirtzon
of tests thaincludes Ruticle Count.

Fighting an unseen enemy

Even paticles far too small to see can caus
damae. In fact, ol that looks dean mg
contain paticles tha cause brasive weat
Particle contamingon:

* Accelertes component gar

* Reduces systemfafiency

* Diminishes equipment penimance

Learn About ISO Cleanliness Codes
The Intendional Standats Oganizdion
(ISO) has deeloped a code systerarf
corvenience in discussing thé&eanliness
level of a fuid. The systemeports on
patticles d two impotant siz cdagories
(>5 micron and >15 mi@n).You mg wish

to lean moe zbout this system okepotting | - Going beyond Wear These myp include silicon fom ditt or
oil cleanliness to better magmthe lie Rate Analysis synthetic fiction maerials thd signal
of your Iydraulic and tnsmission Patticle Count.which is used dr deteioration in transmissionssteeing
components. If gu ae inteested ask bt X ) :
us for Form No. PEJT502Reporting transmission andylraulic system oil clutches and kakes. Gaskt, seal filter
Particle Countiy 1SO Code samplesis one of tvo tests in the S-O-S and hose ntarial can also be detected
Sewices pogram tha look & paticles. Another benef of Particle Count is its
The other isVear Rae Analysis,which ability to detect paicles lager than 10
The technology behind uses speadmety to identify metal paicles | microns tha cannot be seerybVear
Particle Count from 8 to 10 micons in sie. Unlike Rae Analysis or ay other oil anafsis
Wear Rée Analysis, Particle Count detects | test.These lager paticles ae a sign
: metallic and non-metallic pécles from of imminent #ilure if the poblem is
ﬁé?]:[sel)i?:c‘:izi :;Eig';'l?tﬂetﬁ:"ed 2 to 100 micons. Hovever, Particle not corected
particles. The sample is passed Count.onj/ reports t.he SIE anq.nmber Particle Count is ony used br non-engne
through a beam from a special of paticles, not their composition. oil samples because éng oil contains soot
light source. When a particle in Particle Count is the most &fient way tha cannot be distinguishedofin metal
the oil passes through the beam, to identify non-metallic pdicles in oil. paticles or déris.
a sensor monitors changes in the
light, counts the particles and
records their sizes. This test
detects particle contaminants
that can lead to accelerated
wear and other costly problems.
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Actual 0il Analysis Results from
Transmission Progressing to Failure

A partnership of tests 80 | 1 200
identifying trends == Particle Count
Patticle Count vorks withWear Rée 70 + Iron Values T
Analysis to gve you a moe accuate pictue . 1 160
of what's going on in yur madine Wear -§ 60
Rae Analysis mg indicae a shap rise in g 1 140
the concenttion of a cefain wear metal. =
This concenttion may then level off, =0T 4120
indicating nomal wear But\Wear Rée F
Analysis can on} detect pdicles up to =t 1 100
about 10 micons.A Particle Count tn on ;
the same sample could sha shap rise in 3 4 80
paticles aver 15 micons. The two trends ST
together mg shav a failure in pogress, £ + 60
or an intusion of @temal contaminants. £ 20 +
+ 40
10 + Lo
0

T T T T T T T T
2500 3000 3500 4000 4500 5000 5500 6000
Service Meter Reading

*Wear metals are calculated as parts per million, or PPM.
Particle count values are those sized >15p per ml.
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Count on our experts.

The S-0O-S Seices pogram is just one of
mary maintenance jducts and
sevices we ofer to help yu
maximizz pioductvity and educe
opesting costs. Br example you mgy
wish to ded into our maintenance
software piograms. Trend Analysis
Module (TAM) pemits you to eceve
your S-O-S asults electnically.
Maintenance Conti System (MCS)
is a Windows®-based system of
maintenance and epair sdeduling
Preventve Maintenance Planner (PMP)
provides cowmenient tedlists for
maintenance psonnel & eah sewice
interval. Talk to our &petts or stop in
for a demonsttion.
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